Ischemic optic neuropathies could be a result of inflammatory and non inflammatory small vessel disease and have been classified as arteritic and non-arteritic anterior ischemic optic neuropathy respectively. This review has been intended to elucidate the epidemiology, etiology, pathogenesis, clinical picture and management of NAION and the literature search was completed using the published data in Pubmed, Medline, and Ovid over the last five decades.
Introduction
Ischemic optic neuropathies are of two types-anterior and posterior, based on location of ischemic damage. Anterior ischemic optic neuropathy (AION) presents with visible disc edema due to ischemic damage to anterior portion of optic nerve supplied by posterior ciliary arteries (PCA). AION is the most common cause of acute optic nerve ischemia related vision loss in adults and second most common cause of optic nerve related permanent vision loss in adults after glaucoma [1] . AION is divided into arteritic and non-arteritic types. Arteritic anterior ischemic optic neuropathy (AAION) is secondary to inflammatory small vessel disease, i.e., vasculitis, whereas non-arteritic anterior ischemic optic neuropathy (NAION) is secondary to non inflammatory small vessel disease [2] . Chronic inflammation in arteritic anterior ischemic optic neuropathy causes inflammatory thickening, thrombosis and occlusion of short posterior ciliary arteries supplying optic nerve head leading to ischemia of laminar and retro laminar portion of optic nerve head while in non-arteritic anterior ischemic optic neuropathy, non inflammatory ischemia of short posterior ciliary arteries due to various reasons leads to ischemic damage to retro laminar portion of optic nerve head [2] .
The search of published literature for this review article had been completed using Ovid, Medline, Embase, Pubmed over the last 5 decades along with the checking of cross references also. English language articles with full text access were included and electronic literature search was performed using ischemia, optic neuropathy, arteritic, non-arteritic as key words. While reviewing the literature, parameters evaluated in studies were epidemiological data, etiological factors, clinical features and management modalities.
Epidemiology
NAION is the most common form, constitutes 95% of AION and is the most common cause of acute optic neuropathy over the age of 50 years [3] . Only few studies have reported the incidence and prevalence of NAION in past literature. The Beijing eye study estimated prevalence of 1 in 45,000 in Chinese population with age > 40 years [4] , while study done in Caucasians estimated annual incidence of 2.3 -10.2 per 100,000 population with age > 50 years [3] [5] . However, annual prevalence of NAION was reported as 0.30% [6] and incidence was found to be as high as 82 cases per 100,000 [7] in large Medicare database study. NAION occurs more frequently in white population than black or Hispanic individuals. Inter-ethnic differences in frequency of NAION may be attributed to the different size of optic disc which occurs predominately in small optic nerve head. The smallest sized discs are found in Caucasians, medium sized discs in Asians and largest sized discs in AfroAmericans [4] .
NAION occurs with equal frequency in males and females. Mean age reported was 66 years in IONDT [3] (ischemic optic nerve decompression trial), while in most other studies documented age range is 57 -65 years [3] [8].
Etiology
NAION is most often idiopathic, though many systemic as well as ocular risk factors are identified. Among systemic factors nocturnal hypotension, hypertension, diabetes mellitus, hyperlipidemia, and smoking are associated, whereas among ocular risk factors crowding of optic nerve head is the important one.
In IONDT, 47% of NAION patients had hypertension, 24% had diabetes and 60% had at least one vasculopathic risk factor [8] . These figures are similar to other studies in which systemic hypertension was reported in 39% -49% of patients and diabetes was reported in 5% -25.3%. In several studies, after comparing systemic hypertension with normal data, statistically significant increase in prevalence was found in 45 -65 year age [9] group while Hyreh et al. [10] found similar prevalence in all the age groups. Diabetes was associated with increased prevalence in all age groups in most of the studies.
Case control study for NAION done by Jacobson et al. [11] found no association of hypercholesterolemia and smoking with NAION. While case control study done by Salomon et al. [12] documented hypercholesterolemia to be a significant factor. Few more studies concluded association of smoking with NAION on basis of higher prevalence of NAION in smokers at younger age group as compared to nonsmokers.
Clinical significance between hyper homo cystenemia and NAION is uncertain. Large scale study was done by Salomon et al. [12] to document correlation between prothrombic risk factors like lupus anticoagulants, anti cardiolipin antibodies, prothrombotic polymorphisms (factor V Leiden), and deficiencies of protein C and S and antithrombin III and NAION however, no significant correlation was found with any of these.
Other risk factors include obstructive sleep apnea, medications like interferon alpha, sildenafil and amiodarone.
Pathogenesis
NAION is caused by circulatory insufficiency in small vessels of optic nerve head. After years of studies and recent advances in investigational modalities, exact mechanism and location of vasculopathy is still unproven. Ischemia may result from localized arteriosclerosis with or without thrombosis, embolization from a remote source, generalized hypoperfusion, vasospasm, failure of autoregulation, or a combination of these processes. Autoregulatory mechanisms may be reduced by arteriosclerosis, vasospasm, or medications.
Histopathological studies showed infarction predominantly involving retro laminar part of optic nerve head that is supplied by para optic branches of short posterior ciliary arteries (SPCA), while involvement of choroidal blood vessels which supply laminar and prelaminar part of optic nerve head is less likely [2] .
Electron microscopic studies have shown that optic nerve head is supplied from anastomotic circle derived from SPCA, with distinct upper and lower halves consistent with altitudinal defects seen in NAION [2] .
Crowded optic nerve head with absent or ≤0.2 cupping acts as a risk factor to NAION. Possible mechanism includes mechanical obstruction to axoplasmic flow with axonal swelling particularly at the cribriform plate. [1] [13] .
Interferon alpha may cause systemic hypotension or immune complex deposition within the optic disc circulation, while Sildenafil, a phospho diesterase 5 inhibitor, commonly used for erectile dysfunction may produce systemic hypotension and amiodarone, an anti-arrhythmic drug impairs axoplasmic flow and causes chronic metabolic optic disc dysfunction and swelling [1] [14].
Clinical Features
NAION usually presents as sudden, painless uniocular loss of vision over hours to days. Often presents as visual field defects especially inferior. Pain on ocular movements is rare. A relative afferent pupillary defect is always present, if condition is unilateral and there is no optic nerve or retinal pathology in the fellow eye. Visual acuity varies from 20/40 to no perception of light. NAION usually presents with less severe visual loss than AAION. In the IONDT, 49% had initial visual acuity of at least 20/64 and 66% had better than 20/200 [8] .
Optic disc may have diffuse or segmental, hyperemic or pallid edema but pallor occurs less frequently than in the arteritic form. Peripapillary flame shaped hemorrhages are common while soft and hard exudates are rare. In IONDT, 72% had hemorrhages while only 7% had exudates [8] . In terms of visual field loss, typical NAION shows altitudinal loss, usually inferior in 50% -80% of cases. Pattern loss related to axonal damage may also be present.
Investigations

Fundus Fluorescein Angiography
In contrast to AAION which shows consistent impaired filling of choroid and optic disc in peripapillary area as well as diffusely also, NAION is associated with impaired filling of prelaminar optic disc with normal choroidal and retinal filling [15] [16].
ICG Angiography
ICG studies of the choroidal flow show delayed filling in AAION but not in NAION. These findings are suggestive of vascular impairment at level of paraoptic branches of SPCA rather than proximal branches which would delay both choroidal and optic nerve head flow [17] - [19] .
Colour Doppler
Colour doppler studies have not localized the location of impaired flow and results were criticized [20] .
Laser Doppler Flow
Laser Doppler flow studies have also not conclusively localized the location of impaired flow [21] .
Prognosis
As per IONDT study, the visual prognosis in affected eye documented was 35% eyes had visual acuity better than 20/64, 36% had worse than 20/200 at 6 months and 52% had visual acuity worse than 20/200 after 6 months. Risk of recurrence documented in affected eye was less than 5% and risk of involvement of fellow eye reported was 14.7% over 5 years [22] .
Management
Treatment of NAION is still controversial and there is no effective and proven treatment for NAION established yet.
Medical Treatment
Aspirin and antiplatelets: Role of aspirin in decreasing severity and incidence in fellow eye is controversial. No benefit in visual outcome was found in retrospective study using aspirin. No studies of clopidogrel and dipyridamole use in treatment of NAION reported yet [23] .
Steroids: Rationale of steroids use in NAION is to decrease optic disc edema, prevent further axonal damage and improve blood flow in acute cases [24] . Few studies [25] [26] in literature concluded role of oral steroids in improvement of visual acuity and fields but results were not accepted due to non-randomization, small sample size, selection bias. No studies have documented role of intravenous steroids.
Others: Treatments attempted include vasopressor agents (nor epinephrine), vasodilators, anticoagulants, diphenyl hydantoin, and heparin-induced low-density lipoprotein/fibrinogen precipitation. None of drug had shown effectiveness.
Surgical Treatment
Intravitreal triamcinolone acetonide: Few small case series reported improvement in visual acuity after 4mg intravitreal injection but studies with large sample size and long follow up needed. Also rise of intra ocular pressure and worsening of optic neuropathy is of great concern [27] [28] .
Intravitreal bevacizumab: Though small case series reported no improvement or slight improvement in visual acuity after 1.25 mg/0.1ml of injection. But not accepted as treatment modality [29] [30] .
Transvitreal optic neurotomy: In small study with 16 subjects, 8 patients were randomized to procedure which involved pars plana vitrectomy, posterior vitreous detachment induction and stab incision at the nasal margin of the optic disc, with the purpose of opening the scleral canal and relieving compression of an edematous optic nerve head. Intervention showed moderate visual improvement but because of experimental nature, results should be interpreted with caution [31] .
Optic nerve decompression surgery: The rationale was to relieve compartment syndrome and to improve blood flow and axonal flow. But the IONDT found that surgery was not just ineffective but might be harmful [32] .
Secondary Prevention (Prophylaxis to Prevent Fellow Eye Involvement)
Aspirin: Studies in literature do not provide sufficient evidence to support aspirin therapy for prevention [33] - [35] Retinal laser photocoagulation: To create axonal drop out and optic atrophy in eyes with crowded optic disc axons. Therapy is not accepted, as laser photocoagulation itself leads to visual field defects [36] .
Correction of modifiable risk factors: Hypertension, diabetes, sleep apnea, hyperlipidemia, anemia can be controlled to prevent fellow eye involvement [37] [38].
Conclusion
Non-ischemic arteritic optic neuropathy was found to be the most common form, which constitutes 95% of AION and is the most common cause of acute optic neuropathy over the age of 50 years. Though no proper guidelines have still been established for the prompt management of NAION, but investigative modalities such as colour Doppler, fundus fluorescein angiography, and ICG angiography may assist in establishing the early diagnosis and proper management of such cases.
